Introduction {#s1}
============

Erythropoietin (EPO) is a hormone made predominantly within the peri-tubular cells of the kidney. This hormone acts on the bone marrow (BM), stimulating erythropoiesis and controlling apoptosis of mature red blood cells (RBCs) \[[@R01], [@R02]\].

The management of anemia in chronic kidney disease (CKD) has been revolutionized by the development of recombinant human EPO \[[@R02], [@R03]\]. Many of the symptoms that had been ascribed to CKD such as fatigue, lethargy, somnolence and shortness of breath, which all impact unfavorably on quality of life, were resolved or markedly improved when anemia was corrected \[[@R04]\].

CKD is a prevalent, worldwide condition, and the number of patients affected continues to increase. Diabetes is one of the most common causes of kidney disease \[[@R05]\]. Anemia occurs early in the development of kidney disease and worsens as kidney function deteriorates. Anemia is associated with substantial morbidity and mortality. However, it can be effectively treated, thereby improving the quality of life in patients with CKD and anemia \[[@R06]\].

Patients with CKD undergoing hemodialysis (HD) have lower ALT and AST levels compared to individuals with normal renal function \[[@R07], [@R08]\]. Deficiency of vitamin B6, a coenzyme of ALT also may cause lower levels of ALT as does hemodilution, which occurs due to water retention in patients with CKD \[[@R9], [@R10]\].

There has been a proposal to reduce the upper limit of the normal (ULN) of ALT to approximately 70% of the conventional limits while screening for liver abnormalities in patients without CKD \[[@R11]\]. There was in one study an increase in the sensitivity of ALT from 55% to 76% for the diagnosis of discrete liver diseases and specificity was reduced from 97% to 89% when the ULN was reduced \[[@R11], [@R12]\]. A second study found the risk of mortality from liver disease was higher in individuals with normal levels of ALT that were close to the ULN compared with individuals with lower ALT levels in a large Korean population. A proposal was submitted to reduce the ULN level to 75% of the current ULN level of ALT \[[@R13]\]. In present study, AST and ALT were measured. The hematocrit (Ht) was also assessed to investigate the possibility of hemodilution.

A cross-sectional descriptive, prospective study was first carried out to assess anemia and liver disease in patients with CKD undergoing HD in the Aljouf region of Saudi Arabia. Sakaka city was chosen as the study area because it is the capital city and has a central location in this region.

A great deal of research has been devoted to CKD and control programs are required to minimize the prevalence of this disease. There are no large-scale reports regarding the causes of liver enzymes and hematological parameter alterations among Saudi patients with CKD in the Aljouf region.

The present study was based on a large series of blood samples that were brought from the Prince Motaib General Hospital and analyzed for both hematological parameters and liver enzymes to detect the prevalence of anemia by measuring two hematological parameters, Hb, Ht and the prevalence of liver disease in patients with CKD undergoing HD, by measuring two liver enzymes, alanine aminotransferase (ALT) and aspartate aminotransferase (AST)

Methods {#s2}
=======

The present study was carried out as a case series with an internal comparison group during the period from January to October 2017. It was conducted in the Prince Moteb Bin Abdulaziz Hospital, Aljouf and Hematology Lab, Faculty of Applied Medical Sciences, Aljouf University. One hundred and fifty-nine patients with CKD undergoing HD who were admitted to the Prince Moteb Bin Abdulaziz Hospital and 171 healthy individuals of Sakaka city were recruited to participate in this study (330 participants in total).

In this study, a no-probability sample equation (n = N/1 + N (e) 2) was used to determine sample size \[[@R14]\], but for feasibility reasons, only 150 - 170 samples for patients and 150 - 180 for healthy individuals were chosen.

Self-administered questionnaire was designed to obtain information which was used in the study. Histories of disease, date of dialysis, frequency, etc. were also taken. Selected individuals were informed with detailed objectives of the study and its importance for the future. All information obtained from patient specimens and results were kept as highly security data. The participants were provided with information about the study and any risk that may arise especially during specimen collection. Ethical approval was obtained from the relevant authorities (Aljouf University, College of Applied Medical Sciences and the above mentioned Teaching Hospital).

Hematological parameters (Hb and Ht) and liver enzymes (ALT and AST) were measured for all study participants. Blood samples from patients with CKD undergoing HD and healthy individuals were collected into two blood containers, an EDTA container for hematological parameters, using hematolgy analyzer (Sysmex) and an additive plain container for liver enzymes, using the chemistry analyzer, Dimension-200 EXL, Siemens.

Data were analyzed with graphs and tables created using SPSS™. Descriptive statistics were given for some variables such as Hb, Ht, ALT, AST and Student's *t*-test was employed to detect significant differences (see results).

Base-line characteristics included liver enzymes and hematological parameters. These results were compared with samples from patients and healthy individuals according to the above parameters.

Results {#s3}
=======

Obtained results for first and second month of Hb, Ht, AST and ALT are expressed in [Table 1](#T1){ref-type="table"}. Of these, the control (healthy individuals) results were within published normal ranges.

###### Results of Hb, Hematocrit, ALT and AST of the First and Second Month of Patients With CKD Undergoing Hemodialysis Versus Healthy Individuals

  --------------------------------------------------------
  Parameters         Participants   M (SD)          SEM
  ------------------ -------------- --------------- ------
  Hemoglobin, g/dL   Control        15.1 (1.8)      0.1

                     First month    10.2 (0.7)^b^   0.05

                     Second month   8.9 (1.02)^a^   0.08

  Hematocrit, %      Control        44.6 (3.3)^b^   0.2

                     First month    27.2 (4.1)^b^   0.3

                     Second month   24.8 (2.6)^a^   0.2

  ALT, IU/L          Control        28.3 (5.3)      0.1

                     First month    17.8 (1.1)^b^   0.09

                     Second month   15.6 (0.7)^a^   0.06

  AST, IU/L          Control        23.0 (2.2)      0.2

                     First month    13.9 (1.1)^b^   0.09

                     Second month   12.0 (1.3)^a^   0.11

  Total              Control        171             

                     First month\   159 for each    
                     Second month                   
  --------------------------------------------------------

Statistical significance is shown in superscript parenthesis and determined by comparison of each parameter of patients with CKD undergoing HD with corresponding parameter of the healthy individuals. ^a^: \< 0.05; ^b^ \> 0.05.

Obtained results for first and second month of hematological parameters, Hb and Ht of CKD patients undergoing HD were lower (10.2 g/dL and 8.9 g/dL for Hb; 27.2% and 24.8% for Ht) (P \< 0.05) compared to healthy individuals (15.1 g/dL for Hb; 44.6% for Ht). Furthermore, Hb and Ht levels were significantly lower (P \< 0.05) in their second month compared to the first month, as shown in [Table 1](#T1){ref-type="table"} and [Figure 1](#F1){ref-type="fig"}.

![Hemoglobin and hematocrit level in study population.](jh-07-001-g001){#F1}

Obtained results for first and second month of liver enzymes, AST and ALT of CKD patients undergoing HD were lower (17.8 IU/L and 15.6 IU/L for ALT; 13.9 IU/L and 12.0 IU/L for AST) (P \< 0.05) compared to healthy individuals (28.3 IU/L for ALT and 23.0 IU/L for AST). Moreover, AST and ALT levels were significantly lower (P \< 0.05) in their second month compared to the first month, as depicted in [Table 1](#T1){ref-type="table"} and [Figure 2](#F2){ref-type="fig"}.

![ALT and AST among study population.](jh-07-001-g002){#F2}

Discussion {#s4}
==========

This cross-sectional descriptive, prospective study was first carried out in the Aljouf area to determine the occurrence of anemia and liver disease in patients with CKD undergoing HD at Sakaka city, Aljouf region, by measuring two hematological parameters, Hb, Ht and liver enzymes, ALT and AST.

This work may act as a pilot study for further research, because of less available published data regarding the alterations in Hb, Ht, ALT and AST among Saudi patients with CKD undergoing HD in the Aljouf region.

Anemia is defined by the World Health Organization (WHO) as a low Hb concentration, below 13.0 g/dL for adult males and below 12.0 g/dL for adult females \[[@R15]\]. By these criteria, almost all of our patients with CKD undergoing HD had anemia ([Table 1](#T1){ref-type="table"}). This finding is in agreement with similar studies \[[@R16]-[@R18]\], and this is due to less erythropoietin being produced by the diseased kidneys \[[@R19]\].

Of patients with CKD undergoing HD in the current study, Hb and Ht levels were significantly lower in the first and second month (10.2 g/dL and 8.9 g/dL for Hb; 27.2% and 24.8% for Ht) (P \< 0.05) compared to healthy individuals (15.1 g/dL for Hb; 44.6% for Ht). Furthermore, Hb and Ht levels were significantly lower (P \< 0.05) in their second month compared to the first month, as shown in [Table 1](#T1){ref-type="table"} and [Figure 1](#F1){ref-type="fig"}. This means that anemia is getting worse with time in these patients and consequently high morbidity and mortality might occur in patients with CKD undergoing HD if they are not prevented from becoming anemic. Therefore, a renal anemia management period (RAMP) protocol is suggested to call attention to the need to improve outcomes for patients with CKD undergoing HD and probably reduce the economic burden by correcting anemia early on.

Obtained results for first and second month of liver enzymes, AST and ALT of CKD patients undergoing HD were lower (17.8 IU/L and 15.6 IU/L for ALT; 13.9 IU/L and 12.0 IU/L for AST) (P \< 0.05) compared to healthy individuals (28.3 IU/L for ALT and 23.0 IU/L for AST). Moreover, AST and ALT levels were significantly lower (P \< 0.05) in their second month compared to the first month, as demonstrated in [Table 1](#T1){ref-type="table"} and [Figure 2](#F2){ref-type="fig"}. A study was hypothesized that this decrease might be due to the occurrence of uremic factors which may constrain the activity of AST and ALT enzymes \[[@R20]\], and finally, deficiency in pyridoxine, a cofactor for the production of the aminotransferases.

Additionally, the high lactate serum levels during biochemical dosages might quickly consume nicotinamide adenine dinucleotide phosphate (NADPH) and therefore reduce the levels of aminotransferases. Serum aminotransferases are reduced in patients with CKD on HD as hemodilution is involved in this reduction. Other factors, such as pyridoxine deficiency or elevated homocysteine, may also be involved in lowering aminotransferases.

Conclusions {#s4a}
-----------

A great deal of research elsewhere has been devoted to CKD and control programs are required to minimize the prevalence of this disease, because it is accompanied with serious complications including some clinical conditions, for instance liver diseases and anemia. Therefore renal transplantation is suggested to be considered for patients with CKD rather than continuing on doing HD for them, which might assist those patients in not having further complications such as anemia and liver diseases.
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